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Lipid rafts are defined as insoluble areas in the cell membrane, 
resistant to non-ionic detergents. These areas, which are also called 
detergent-resistant membranes (DRMs), and are enriched in 
glycosphingolipids, saturated phospholipids and cholesterol, have 
been identified in several cell types including platelets. Initially, they 
were believed to be responsible for the intercellular transport of 
glycosyl phosphatidylinositol (GPI)-anchored proteins to the apical 
surface in polarized cells [1,2]. However, over the decades, rafts 
have increasingly been recognized as membrane microdomains, and 
found to play a critical role in the control of several cellular activation 
processes. Thus, very divergent proteins such as Src family kinases, 
caveolins, palmitoylated proteins such as G proteins, GPI-anchored 
proteins such as Thy-1 and alkaline phosphatases, tetraspannin 
proteolipids and various signaling molecules have all been shown to 
be associated with lipid rafts. Different types of rafts coexist at the 
plasma membrane with functionally distinct lipid composition [3]. 
Furthermore, lipid rafts are not only found at the plasma membrane, 
but also as part of the internal membrane of granules, Golgi complex 
and even phagosomes [4,5]. Evidence for a functional role of lipid rafts 
in platelets is very recent: Gousset et al. [6] have shown that during 
cold-induced platelet activation, rafts cluster into larger aggregates, 
a reversible process depending on platelet activation. These authors 
showed raft aggregation to be dependent on the presence of cholesterol 
in the membrane, and further identified the presence of CD36 in DRMs. 
Using fluorescence microscopy of platelets being activated with thrombin 
and collagen, large fluorescent clusters of lipid rafts were formed, leading 
these investigators to conclude that raft aggregation is triggered by platelet 
activation, suggestive of a role for microdomains in platelet signaling [6]. 

An important physiological consequence of human platelets 
signaling is exocytosis, a process that involves secretory granule fusion 
with the platelet plasma membrane. This membrane fusion reaction 
is mediated by membrane proteins called Soluble N-ethylmaleimide 
sensitive factor attachment protein receptors (SNAREs). In platelets, 
vesicle-associated membrane protein (VAMP)-8/endobrevin 
(a vesicle, or v-SNARE) is required for each granule type [7]. Two 
target membrane SNAREs (t-SNAREs) are present: the syntaxin 
class (syntaxin-11 being functionally relevant) [8] and the SNAP-
23/25 class (SNAP-23 being functionally relevant) [9-14]. Either 
immediately preceding or concurrent with membrane fusion, three 
cognate SNARE proteins on opposing membranes assemble, through 
hydrophobic interactions in their coiled-coil domains, into a parallel, 
four helical bundle [15-17]. This so-called trans complex, containing 
one copy each of SNAP-23/syntaxin/VAMP, is minimally required for 
membrane fusion [18] and on fusion, the SNAREs exist in the same 
membrane in a thermodynamically stable cis configuration [19]. This 
cis SNARE complex has to be disassembled by the adapter proteins 
N-ethylmaleimide-sensitive fusion protein and α-SNAP in a process
called SNARE priming [20,21], thereby allowing SNAREs to be reused
in another round of membrane fusion. However, what the function of
NSF and α-SNAP is in platelets is still unknown, and how the SNARE
recycling takes place in platelets is also unknown. The SNAREs form
a trans-bilayer complex, which facilitates fusion of the granule and
plasma membranes for cargo release. Although SNAREs are essential
for fusion, how, when, and where they assemble into fusogenic
complexes represent key secretion control points. Thus, SNARE
complex assembly is determined by numerous SNARE regulators (i.e.,

Munc18s and Munc13s) and post-translational modifications (i.e., 
acylation and phosphorylation) [15]. 

The SNARE proteins have also been reported to associate with lipid 
rafts in other secretory cells [22,23]. SNAP-23 and SNAP-25 associate 
with membranes by palmitoylation [24-28], and it is likely that this 
post-translational modification is responsible for the association of 
these proteins with lipid rafts. By contrast, members of the syntaxin and 
synaptobrevin/VAMP family are generally not palmitoylated, and their 
mechanism of association with rafts remains unknown. In addition, it 
is unclear to what extent individual SNARE subunits or binary/ternary 
SNARE complexes associate with lipid raft membranes or whether the 
nature of SNARE complexes associated with rafts is altered during the 
process of regulated exocytosis.

Karim et al. [8] have been examining the membrane distribution 
of individual SNARE proteins and SNARE complexes that regulate 
granule exocytosis from human platelets (unpublished). The role of lipid 
rafts in platelet exocytosis is still unclear. Nonetheless, it is interesting 
that SNAP-23 appears to localize to rafts yet for biophysical reasons, 
rafts appear to be an unlikely site for membrane fusion events given the 
rigidity of their structure. It seems possible that phosphorylation could 
be an exclusion signal that prevents a portion of the acylated SNAP-23 
from associating with the rafts. 

Finally, it is very important to notice that cholesterol is at the core 
of the platelet lipid-raft function. Could cholesterol-lowering drugs 
directly affect platelet function, and could their action be via an effect on 
the platelet rafts? Certainly statins have been shown to reduce platelet-
dependent thrombus formation [29], and such effects could explain the 
rapid therapeutic benefits of statin therapy [30]. Much further research 
lipid rafts is warranted and also it is important to understand how lipid 
rafts are involved in platelet exocytosis.

References

1.	 Simons K, van Meer G (1988) Lipid sorting in epithelial cells. Biochemistry
27: 6197-6202.

2. Van Meer G, Stelzer EH, Wijnaendts-van-Resandt RW, Simons K (1987)
Sorting of sphingolipids in epithelial (Madin-Darby canine kidney) cells. J Cell 
Biol 105: 1623-1635.

3. Schnitzer JE, McIntosh DP, Dvorak AM, Liu J, Oh P (1995) Separation of
caveolae from associated microdomains of GPI-anchored proteins. Science
269: 1435-1439.

4.	 Gkantiragas I, Brügger B, Stüven E, Kaloyanova D, Li XY, et al. (2001)
Sphingomyelin-enriched microdomains at the Golgi complex. Mol Biol Cell
12: 1819-1833.

5. Dermine JF, Duclos S, Garin J, St-Louis F, Rea S, et al. (2001) Flotillin-1-

*Corresponding author: Zubair A Karim, Department of Pharmaceutical Sciences, 
College of Pharmacy, Western University of Health Sciences, Pomona, California
91766, USA, Tel: 909-469-8204; E-mail:  zkarim@westernu.edu

Received March 27, 2014; Accepted March 28, 2014; Published April 08, 2014

Citation: Khasawneh FT, Karim ZA (2014) Lipid Raft and Platelet SNARE 
Machinery. J Glycomics Lipidomics 4: e119. doi:10.4172/2153-0637.1000e119

Copyright: © 2014 Khasawneh FT, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Journal of Glycomics & Lipidomics

http://www.ncbi.nlm.nih.gov/pubmed/3064805
http://www.ncbi.nlm.nih.gov/pubmed/3064805
http://www.ncbi.nlm.nih.gov/pubmed/3667693
http://www.ncbi.nlm.nih.gov/pubmed/3667693
http://www.ncbi.nlm.nih.gov/pubmed/3667693
http://www.ncbi.nlm.nih.gov/pubmed/7660128
http://www.ncbi.nlm.nih.gov/pubmed/7660128
http://www.ncbi.nlm.nih.gov/pubmed/7660128
http://www.ncbi.nlm.nih.gov/pubmed/11408588
http://www.ncbi.nlm.nih.gov/pubmed/11408588
http://www.ncbi.nlm.nih.gov/pubmed/11408588
http://www.ncbi.nlm.nih.gov/pubmed/11279173


Citation: Khasawneh FT, Karim ZA (2014) Lipid Raft and Platelet SNARE Machinery. J Glycomics Lipidomics 4: e119. doi:10.4172/2153-0637.1000e119

Page 2 of 2

Volume 4 • Issue 1 • 1000e119
J Glycomics Lipidomics
ISSN: 2153-0637 JGL, an open access journal 

enriched lipid raft domains accumulate on maturing phagosomes. J Biol 
Chem 276: 18507-18512.

6. Gousset K, Wolkers WF, Tsvetkova NM, Oliver AE, Field CL, et al. (2002)
Evidence for a physiological role for membrane rafts in human platelets. J
Cell Physiol 190: 117-128.

7.	 Ren Q, Ye S, Whiteheart SW (2008) The platelet release reaction: just when
you thought platelet secretion was simple. Curr Opin Hematol 15: 537-541.

8. Ye S, Karim ZA, Al Hawas R, Pessin JE, Filipovich AH, et al. (2012)
Syntaxin-11, but not syntaxin-2 or syntaxin-4, is required for platelet secretion. 
Blood 120: 2484-2492.

9. Ren Q, Barber HK, Crawford GL, Karim ZA, Zhao C, et al. (2007) Endobrevin/
VAMP-8 is the primary v-SNARE for the platelet release reaction. Mol Biol
Cell 18: 24-33.

10.	Karim ZA, Zhang J, Banerjee M, Chicka MC, Al Hawas R, et al. (2013)  IkB
Kinase phosphorylation of SNAP-23 controls platelet secretion. Blood 121:
4567-4574.

11. Chen D, Bernstein AM, Lemons PP, Whiteheart SW (2000) Molecular
mechanisms of platelet exocytosis: role of SNAP-23 and syntaxin 2 in dense
core granule release. Blood 95: 921-929.

12.	Chen D, Lemons PP, Schraw T, Whiteheart SW (2000) Molecular mechanisms 
of platelet exocytosis: role of SNAP-23 and syntaxin 2 and 4 in lysosome
release. Blood 96: 1782-1788.

13.	Lemons PP, Chen D, Whiteheart SW (2000) Molecular mechanisms of platelet 
exocytosis: requirements for alpha-granule release. Biochem Biophys Res
Commun 267: 875-880.

14.	Weber T, Parlati F, McNew JA, Johnston RJ, Westermann B, et al. (2000)
SNAREpins are functionally resistant to disruption by NSF and alphaSNAP.
J Cell Biol 149: 1063-1072.

15.	Snyder DA, Kelly ML, Woodbury DJ (2006) SNARE complex regulation by
phosphorylation. Cell Biochem Biophys 45: 111-123.

16.	Poirier MA, Xiao W, Macosko JC, Chan C, Shin YK, et al. (1998) The synaptic 
SNARE complex is a parallel four-stranded helical bundle. Nat Struct Biol 5:
765-769.

17.	Sutton RB, Fasshauer D, Jahn R, Brunger AT (1998) Crystal structure of a
SNARE complex involved in synaptic exocytosis at 2.4 A resolution. Nature
395: 347-353.

18.	Weber T, Zemelman BV, McNew JA, Westermann B, Gmachl M, et al. (1998) 
SNAREpins: minimal machinery for membrane fusion. Cell 92: 759-772.

19.	Otto H, Hanson PI, Jahn R (1997) Assembly and disassembly of a ternary
complex of synaptobrevin, syntaxin, and SNAP-25 in the membrane of
synaptic vesicles. Proc Natl Acad Sci U S A 94: 6197-6201.

20.	Mayer A, Wickner W, Haas A (1996) Sec18p (NSF)-driven release of Sec17p 
(alpha-SNAP) can precede docking and fusion of yeast vacuoles. Cell 85:
83-94.

21.	Barnard RJ, Morgan A, Burgoyne RD (1997) Stimulation of NSF ATPase
activity by alpha-SNAP is required for SNARE complex disassembly and
exocytosis. J Cell Biol 139: 875-883.

22.	Chamberlain LH, Burgoyne RD, Gould GW (2001) SNARE proteins are highly 
enriched in lipid rafts in PC12 cells: implications for the spatial control of
exocytosis. Proc Natl Acad Sci U S A 98: 5619-5624.

23.	Gil C, Soler-Jover A, Blasi J, Aguilera J (2005) Synaptic proteins and SNARE 
complexes are localized in lipid rafts from rat brain synaptosomes. Biochem
Biophys Res Commun 329: 117-124.

24.	Gonzalo S, Linder ME (1998) SNAP-25 palmitoylation and plasma membrane 
targeting require a functional secretory pathway. Mol Biol Cell 9: 585-597.

25.	Gonzalo S, Greentree WK, Linder ME (1999) SNAP-25 is targeted to the
plasma membrane through a novel membrane-binding domain. J Biol Chem
274: 21313-21318.

26.	Koticha DK, Huddleston SJ, Witkin JW, Baldini G (1999) Role of the cysteine-
rich domain of the t-SNARE component, SYNDET, in membrane binding and 
subcellular localization. J Biol Chem 274: 9053-9060.

27.	Veit M, Söllner TH, Rothman JE (1996) Multiple palmitoylation of
synaptotagmin and the t-SNARE SNAP-25. FEBS Lett 385: 119-123.

28.	Vogel K, Cabaniols JP, Roche PA (2000) Targeting of SNAP-25 to membranes 
is mediated by its association with the target SNARE syntaxin. J Biol Chem
275: 2959-2965.

29.	Thompson PD, Moyna NM, White CM, Weber KM, Giri S, et al. (2002) The
effects of hydroxy-methyl-glutaryl co-enzyme A reductase inhibitors on
platelet thrombus formation. Atherosclerosis 161: 301-306.

30.	Wierzbicki AS, Poston R, Ferro A (2003) The lipid and non-lipid effects of
statins. Pharmacol Ther 99: 95-112.

http://www.ncbi.nlm.nih.gov/pubmed/11279173
http://www.ncbi.nlm.nih.gov/pubmed/11279173
http://www.ncbi.nlm.nih.gov/pubmed/11807818
http://www.ncbi.nlm.nih.gov/pubmed/11807818
http://www.ncbi.nlm.nih.gov/pubmed/11807818
http://www.ncbi.nlm.nih.gov/pubmed/18695380
http://www.ncbi.nlm.nih.gov/pubmed/18695380
http://www.ncbi.nlm.nih.gov/pubmed/22767500
http://www.ncbi.nlm.nih.gov/pubmed/22767500
http://www.ncbi.nlm.nih.gov/pubmed/22767500
http://www.ncbi.nlm.nih.gov/pubmed/17065550
http://www.ncbi.nlm.nih.gov/pubmed/17065550
http://www.ncbi.nlm.nih.gov/pubmed/17065550
http://www.ncbi.nlm.nih.gov/pubmed/23613522
http://www.ncbi.nlm.nih.gov/pubmed/23613522
http://www.ncbi.nlm.nih.gov/pubmed/23613522
http://www.ncbi.nlm.nih.gov/pubmed/10648404
http://www.ncbi.nlm.nih.gov/pubmed/10648404
http://www.ncbi.nlm.nih.gov/pubmed/10648404
http://www.ncbi.nlm.nih.gov/pubmed/10961877
http://www.ncbi.nlm.nih.gov/pubmed/10961877
http://www.ncbi.nlm.nih.gov/pubmed/10961877
http://www.ncbi.nlm.nih.gov/pubmed/10673384
http://www.ncbi.nlm.nih.gov/pubmed/10673384
http://www.ncbi.nlm.nih.gov/pubmed/10673384
http://www.ncbi.nlm.nih.gov/pubmed/10831610
http://www.ncbi.nlm.nih.gov/pubmed/10831610
http://www.ncbi.nlm.nih.gov/pubmed/10831610
http://www.ncbi.nlm.nih.gov/pubmed/16679567
http://www.ncbi.nlm.nih.gov/pubmed/16679567
http://www.ncbi.nlm.nih.gov/pubmed/9731768
http://www.ncbi.nlm.nih.gov/pubmed/9731768
http://www.ncbi.nlm.nih.gov/pubmed/9731768
http://www.ncbi.nlm.nih.gov/pubmed/9759724
http://www.ncbi.nlm.nih.gov/pubmed/9759724
http://www.ncbi.nlm.nih.gov/pubmed/9759724
http://www.ncbi.nlm.nih.gov/pubmed/9529252
http://www.ncbi.nlm.nih.gov/pubmed/9529252
http://www.ncbi.nlm.nih.gov/pubmed/9177194
http://www.ncbi.nlm.nih.gov/pubmed/9177194
http://www.ncbi.nlm.nih.gov/pubmed/9177194
http://www.ncbi.nlm.nih.gov/pubmed/8620540
http://www.ncbi.nlm.nih.gov/pubmed/8620540
http://www.ncbi.nlm.nih.gov/pubmed/8620540
http://www.ncbi.nlm.nih.gov/pubmed/9362506
http://www.ncbi.nlm.nih.gov/pubmed/9362506
http://www.ncbi.nlm.nih.gov/pubmed/9362506
http://www.ncbi.nlm.nih.gov/pubmed/11331757
http://www.ncbi.nlm.nih.gov/pubmed/11331757
http://www.ncbi.nlm.nih.gov/pubmed/11331757
http://www.ncbi.nlm.nih.gov/pubmed/15721282
http://www.ncbi.nlm.nih.gov/pubmed/15721282
http://www.ncbi.nlm.nih.gov/pubmed/15721282
http://www.ncbi.nlm.nih.gov/pubmed/9487128
http://www.ncbi.nlm.nih.gov/pubmed/9487128
http://www.ncbi.nlm.nih.gov/pubmed/10409690
http://www.ncbi.nlm.nih.gov/pubmed/10409690
http://www.ncbi.nlm.nih.gov/pubmed/10409690
http://www.ncbi.nlm.nih.gov/pubmed/10085154
http://www.ncbi.nlm.nih.gov/pubmed/10085154
http://www.ncbi.nlm.nih.gov/pubmed/10085154
http://www.ncbi.nlm.nih.gov/pubmed/8641455
http://www.ncbi.nlm.nih.gov/pubmed/8641455
http://www.ncbi.nlm.nih.gov/pubmed/10644766
http://www.ncbi.nlm.nih.gov/pubmed/10644766
http://www.ncbi.nlm.nih.gov/pubmed/10644766
http://www.ncbi.nlm.nih.gov/pubmed/11888512
http://www.ncbi.nlm.nih.gov/pubmed/11888512
http://www.ncbi.nlm.nih.gov/pubmed/11888512
http://www.ncbi.nlm.nih.gov/pubmed/12804701
http://www.ncbi.nlm.nih.gov/pubmed/12804701

	Title
	Corresponding author
	References



